The present paper deals with the leaching characteristics of coal combustion residues from chandrapura thermal power station, Jharkhand, India. The study was made under the laboratory as well as the field condition. From the laboratory study conducted so far it is hereby concluded that the leachates of coal combustion residues from chandrapura thermal power station with respect to potentiometric and trace elements analysis are within the permissible limits as per Indian Standards (IS:2490). From the study it is also found that the elements such as arsenic, boron, nickel, etc. could not be detected. The discharge point leachate also does not pose any environmental problem from the point of view of leaching of trace and/or toxic elements as per IS: 2490.
Introduction
India has proven coal reserves of 240.748 BT 1 . Coal being easily and cheaply available resource it will continue to play the dominant role for decades to come for meeting country's energy requirement. Indian coals are generally characterized as high in ash content. The ash content in the coal varies from 20 percent to 60 percent with an average of 40 percent [1] [2] [3] . These high ash coals when used in thermal power plants for power generation huge amount of solid wastes, commonly known as coal combustion residues (CCRs), are generated. Fly ash and bottom ash are commonly referred as CCR. They are generally disposed using wet system of disposal (as practiced in our country by most of the coal based thermal power plants) where they are made into slurry form and pumped to the disposal area especially made for this purpose. The CCR in such disposal pond is known as pond ash.
Presently, more than 83 coal-based thermal power plants besides other coal based captive power plants that are using this high ash coal for electricity generation. The present CCRs production in the country has crossed 100 MT per annum mark 2,-4 . Such a huge amount of ash is causing great disposal problem and also demanding for some bulk use. Present utilization scene in our country never throws a happy signal, as utilization of ash in our country is still less than 50 percent. This is low as compared to some of the developed countries of the world where the utilization 4 is as high as 100%.
The major challenge before the nation therefore, is to effectively utilize these CCRs in bulk and that too in an environmentally benign manner. The bulk utilization of the CCRs can be achieved by using it in mine backfilling, mine stowing, filling in the lowlying areas and in the construction industry such as in roads, embankments, dams etc. The first three can be easily taken up but it demands for thorough study of the coal combustion residues with respect to leaching of trace and/or toxic elements. The environmental assessment of CCRs is necessary to know the leaching of trace and/or toxic elements in surface and ground water in its disposal environment to assess its feasibility of bulk utilization.
The present study was undertaken to evaluate the impact of CCRs from chandrapura thermal power station in water environment. For this purpose, long term leaching study was conducted to understand leaching pattern with respect to trace and/or toxic elements. Leachates from discharge point of the ash pond were also regularly monitored and comparison between the two results, the laboratory and the field leaching has been presented in the tabular form in the end.
Study area
The chandrapura thermal power station of damodar valley corporation is a coal based thermal power station situated in the state of Jharkhand. It is about 45 kilometers to the west of Dhanbad. It is bounded by Damodar River in the south and Pokharia nallah in the east. The power station consists of six units: three units of 130 MW capacity and remaining three units of 120 MW capacities. The total capacity of the power station therefore is 750 MW. Coal to the power station is supplied by Dugdha Washery, which is at a distance of three kilometers from the power station.
Experimental
The environmental assessment of CCRs from chandrapura thermal power station includes:
• Sample collection and preparation • Open column percolation experiment for long-term leaching analysis.
Sample collection and preparation
Fly ash, bottom ash and pond ash from chandrapura thermal power station were collected on different days for five consecutive days and a final homogenized sample for each was prepared by mixing appropriate proportions and using coning and quartering methods. The columns of fly ash, bottom ash and pond ash were prepared by placing the respective homogenized samples using standard proctor test. Leachates from discharge point of the ash pond were also regularly collected and stored.
Open column percolation experiment
Open column percolation experiment was used for leaching study under laboratory condition. The open columns for leaching experiments were made from PVC pipe, 4 inch in diameter and 75 cm in length. CCR samples in the columns were packed at optimum moisture content and density condition. The samples were packed in the columns in such a manner that 15cm space was left at the top for water to be ponded over the column 5 .
In this experiment 250 mL of deionized water was placed every alternate day at the top of the column to maintain sufficient supply of water to the packed material. Leachates were collected every alternate day for six years. This experiment is good for the study of leaching behaviour of the material. This experiment tries to mimic the field situation and also the flow of water through the material occurs in the presence of oxygen at a rate, which depends on the natural permeability of the material.
Apparatus
The leachates from open column percolation experiment and that from discharge point of ash pond were subjected to potentiometric and elemental analysis. Potentiometric analysis viz. pH, conductivity and TDS were carried out using Cyber Scan 510 pH meter and Cyber Scan 200 conductivity meter respectively. Soon after the potentiometric analysis the leachates were filtered, acidified with 2 mL of 6 N HNO 3 and stored in the polypropylene beakers in a refrigerator till further analyses with respect to different elements were conducted. Sample analyses were carried out as per the standard procedure recommended by American Public Health Association (APHA, 1985 6 ). Systronic Flame Photometer Model No. 128 was used for the analysis of sodium and potassium. Standard solutions were prepared as the instruction given in the operating manual of the instrument. Atomic absorption spectrophotometer (AAS), GBC-902 coupled with graphite furnace, hydride generator and computer data station was used for the analysis of other elements including trace and/or toxic elements. Standard solutions were prepared as per the instruction given in the operating manual of the GBC-920, AAS 7 . (IS: 2490) for effluent discharge in the Inland Surface Water and On Land for Irrigation. From the study conducted for almost six years it was observed that pH of all coal combustion residues varied from 6.00 to 9.05. Thus, the leachates from all coal combustion residues were slightly acidic to alkaline in nature and were within the permissible limits as per IS: 2490. The conductivity of leachates of fly ash, bottom ash and pond ash varied between 0.209 to 0.973mmhos/cm conductivity was found to increase during the initial 30 to 40 days, thereafter it showed decreasing trend till 140 days. It was found to be practically constant after that. Conductivity mainly represents the availability of surfacial elements and this is further related to the particle size. Finer size particles are more leachable than the coarser one. This is the reason why during the initial period of leaching fly ash showed higher value compared to that of bottom ash and pond ash.
Results and Discussion
Total dissolved solids (TDS) are related to conductivity and it showed similar trend. TDS of fly ash, bottom ash and pond ash varied from 100 to 487 respectively. TDS of all the leachates was within the permissible limit s of IS: 2490. Leachates from five samples of CCRs were analyzed for twenty-two elements. The study showed the absence of elements such as selenium, arsenic, barium, aluminum, boron, nickel, cobalt, cadmium, antimony, silver, molybdenum and chromium. Elements such as calcium, magnesium, sodium, potassium, lead, zinc, iron, copper and manganese were found to be leaching. Calcium and magnesium were observed leaching in the entire study period. This suggests that the coal combustion residues from chandrapura thermal power station are alkaline in nature. Sodium and potassium were observed during the initial period thereafter, it showed intermittent leaching with concentration decreasing considerably in the long run. In case of iron, zinc, copper and lead too intermittent leaching pattern were observed during the study period. In all cases initial high value was observed thereafter, the level showed the decreasing trend and finally reducing to BDL. The comparison of the concentration of leached trace and/or toxic elements with IS: 2490 shows that in case of iron, the value is slightly above the permissible limit on few occasion in the initial study period. However, in most of the cases the leachate concentration was observed within the permissible limit as per IS: 2490. In fact, the concentration of all the elements during the study period was observed to be below the permissible limits as per IS: 2490. 
Conclusion
From the study so conducted it can be concluded that the leachates as such do not show any negative effects on the water environment either surface water or the ground water. However, from the point of view of safety one can go for treatment of the leachates being released in the water environment at the discharge point of the ash pond in case of the discharge point effluent.
